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Abstract

We demonstrated the superior ferroelectricity (2Pr =23
HC/cm?) in the TiN/HfxZri-xO2/ZrO2/TiN capacitor using
the top-ZrO2 nucleation layer. This is because the larger
ferroelectric orthorhombic phase ratio was achieved by ep-
itaxial like growth according to crystal direction of the top-
ZrOz2 nucleation layer. Moreover, the leakage current den-
sity (J) can be reduced to 1/4 of the TiN/HfxZri—xO2/TiN ca-
pacitor. Therefore, since the top-ZrO: nucleation layer
technique can obtain the large 2P and low J, it is one of the
effective methods for ferroelectric field effect transistors.

1. Introduction
Recently, HfxZr,—«O, (HZO) thin films have been widely
investigated for low power device applications such as ferroe-
lectric FET (FeFET), due to its stable ferroelectricity even in
extremely thin region (~10 nm) and CMOS applicability [1].
TiN electrodes are typically used as stressor layers to fabricate
metal-ferroelectric-metal (MFM) capacitors with the HZO
films because TiN electrodes provide the mechanical stress re-
quired for the formation of the unstable ferroelectric ortho-
rhombic phase (o-phase) [2]. However, this method cannot be
applied to FET structures. In our previous research, the HZO
film crystallized using top- and bottom-ZrO; nucleation layers
resulted in the large remanent polarization (2P, = P,* — P) [3].
In this study, we discuss the usefulness of the top-ZrO; nu-
cleation layer technique on the ferroelectricity of the HZO film.
2. Experimental
Fig. 1 shows the schematic illustrations of (a)
TiN/HZO/TIN (w/o) and (b) TiN/HZO/ZrOJ/TiN (T-ZrOy)
MFM capacitors. The T-ZrO, capacitor was fabricated as fol-
lows: First, TiN film as bottom electrode (BE-TiN) was depos-
ited on SiO/Si substrate. A HZO film was subsequently depos-
ited on the BE-TiN by atomic layer deposition (ALD) at 300°C
using (Hf/Zr)[N(CzHs)CHs]s (Hf/Zr = 1/1) cocktail precursor
and H;O gas. The thickness of the HZO film was varied from
10 to 25 nm. Next, a 2-nm-thick top-ZrO; layer was deposited
on the HZO film by ALD at 300°C using (CsHs)Zr[N(CHs3)2]3
precursor and H,O gas. After that, post-deposition-annealing
(PDA) was carried out at 400-700°C for 1 min in a N, atmos-
phere. Finally, top TiN electrode (TE-TiN) was fabricated by
DC sputtering. The TiN/HZO/TIN (w/o) capacitor was also
prepared using the same process conditions. PDA was per-
formed at same temperature condition after HZO film deposi-
tion.

3. Results and discussion

Fig. 1 shows the cross-sectional TEM images of (a)
TiN/HZO (10 nm) and (b) TiN/HZO (10 nm)/ZrO, (2 nm)
stacks after PDA treatment at 600°C. The HZO films in both
stacks were crystallized. For the TiN/HZO/ZrO, case, vertical
grain growth of the HZO film was observed from the polycrys-
talline top-ZrO; layer, while the HZO film of the TiIN/HZO
consists of many separate grains with sizes of 5-10 nm.

Fig. 2 shows the 2P, of the w/o and T-ZrO; capacitors as a
function of the HZO thickness. The inset graphs show P-E
characteristics of the w/o and T-ZrO, capacitors with a 10-nm-
thick HZO film. The T-ZrO; exhibited the superior 2P, (23
pC/cm?) compared to that (12 uC/cm?) of the w/o. We found
that the T-ZrO, maintains the larger 2P, in all HZO thickness
region. However, these 2P, gradually degraded with increasing
the HZO thickness.

Fig. 3 shows the 2P, as a function of the PDA temperature.
The w/o (PDA 700°C) exhibited a large leakage current (J)
property. Noted that the 2P, of the T-ZrO, were larger than
those of the w/o under all PDA temperature conditions. The
maximum 2P, of both capacitors were obtained at the PDA
600°C. In addition, the T-ZrO; exhibited the high 2P, (15
pC/cm?) even in low temperature of 400°C, which was larger
than the maximum 2P, (12 uC/cm?) of the w/o. Therefore, the
top-ZrO, nucleation layer technique is one of the superior
method due to its high 2P, in wider PDA temperature ranges.
To clarify these different 2P, properties between the w/o and
T-ZrO; capacitors, the crystal structures of the HZO films were
evaluated by XRD analysis.

Fig. 4 shows the XRD patterns of the w/o and T-ZrO; ca-
pacitors with several HZO thicknesses. The diffraction peaks
from the ferroelectric 0-phase and the paraelectric monoclinic
phase (m-phase) were clearly observed. Here, the relative ratio
of o-phase was estimated from the peak area of o(111)/{m(-
111)+0(111)+m(111)}. The relative ratio of o-phase as a func-
tion of the HZO thickness in the w/o and T-ZrO, summarizes
in Fig. 5. ALD-ZrO, film consisted mainly of the o-phase or
the tetragonal phase (not shown) [4]. Here, the epitaxial like
growth of the HZO film must be started according to the crystal
direction of the ZrO. nucleation layer. As a result, higher rela-
tive ratio of o-phase in the T-ZrO, could be obtained and results
in the higher 2P;. On the other hand, the lower relative ratio of
the o-phase in the w/o exhibited the lower 2P;. In addition, the
relative ratio of o-phase of both capacitors decreases gradually
as the HZO thickness increases. The dependence of the HZO
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thickness on 2P, (Fig. 2) can be understood easily according to
this tendency. As shown in Fig. 5, the larger 2P, and the lower
J were achieved using the top-ZrO; nucleation layer. Based on
these results, the top-ZrO, nucleation layer technique can be
useful to design not only FeRAM but also FeFET applications.
4. Conclusions

We studied the effect of the top-ZrO; nucleation layer on
the ferroelectricity and the crystalline of the HZO film. The 2P,
(23 puClecm?) of the T-ZrO, was almost 2 times larger than that
(12 puClcm?) of the wlo. This is because the top-ZrO, layer
plays an important role as the nucleation layer of the ferroelec-
tric o-phase formation of the HZO film. In addition, the J value
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Fig. 2 2Pr of the w/o and T-ZrO capacitors as a function of the HZO
thickness from P-E hysteresis curves. The maximum 2P (23
pC/cm?) of the T-ZrO2 with a 10-nm-thick HZO film was approxi-
mately 2 times larger than that (12 pC/cm?) of the w/o.
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Fig. 3 2Pr as a function of the PDA temperature from P-E field
hysteresis curves. The 2P of the T-ZrO2 were larger than those
of w/o under all PDA temperature conditions.

of the T-ZrO, was lower than that of the w/o. These suggests
that a HZO film with superior ferroelectricity can be obtained
using the top-ZrO2 nucleation layer technique even in the
FeFET structure.
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Fig. 1 Schematic illustrations and cross-sectional TEM images of PDA-treated (a) w/o and (b) T-ZrO2 MFM capaci-

tors with a 10-nm-thick HZO film. For the T-ZrO2 case, epitaxial like growth of the HZO film started according to
the top-ZrO2 nucleation layer, while the HZO film of the w/o consists of many separate grains with sizes of 5-10 nm.
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Fig. 4 XRD patterns of the w/o and T-ZrO2 with several HZO
thicknesses. The diffraction peaks from the ferroelectric o-phase
and the paraelectric m-phase were clearly observed regardless of
the HZO thickness.
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Fig. 5 Relative ratio of o-phase of the w/o and T-ZrO: as a func-
tion of the HZO thickness from XRD patterns. The T-ZrOz with
a 10-nm-thick HZO film exhibited the maximum relative ratio of
o-phase (62%), which was larger than that (52%) of the w/o.
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